Reference change values using more than two results
We read with interest the article by Lund et al. on the calculation of limits for reference change values (RCV) in serial results. 1 They describe that as the number of results increases there is an increase in the RCV. This is due to the increased chance of false positives that may be encountered when using multiple results and is a consequence of the underlying concept which compares each individual successive result with the initial result.
An alternate concept may be to consider subsequent results as repeat testing which collectively provide an estimate of the new homeostatic set point. In contrast to Lund et al., as the number of results increases, with this view, the RCV decreases. The RCV also decreases if multiple results are available to estimate the initial set point.
Given n samples, the uncertainty of the estimate of an individual's homeostatic set point is reduced by multiplying the combined analytical and within-subject biological variation (CV AþI ) by a factor of 1/n ½ . 2 Consequently for n 1 results around an initial set point and n 2 results around a new set point, RCV ¼ Z Â CV AþI Â (1/n 1 þ 1/n 2 ) ½ , where Z is the Z-score corresponding to the desired level of significance of bidirectional or unidirectional change (commonly 1.96 for 95% probability of a true change in either direction). As n 1 and/or n 2 increase, the change required for a significant difference decreases (see Table 1 ). For example, with n 1 ¼ 4 and n 2 ¼ 2, RCV decreases by 39% compared to the traditional RCV calculation using two singleton measurements (n 1 ¼ n 2 ¼ 1). This reduction is irrespective of the Z-score selected. By way of example, using the case modelled by Lund et al., 1 from a starting haemoglobin concentration of 6.0 mmol/L (97 g/L) and CV AþI of 3.02% with four following samples, a rise to an average of 6.4 mmol/L (103 g/L) is significant in the proposed model, by comparison with their calculation where a single result of 6.6 mmol/L (106 g/L) is required to reach 95% confidence of a true change, indicating a reduction in the RCV of approximately 30%.
Assumptions included in this model include that the measurements follow a Gaussian distribution around respective homeostatic set points before and after a possible clinical event and that that any change in set point has completely occurred between measurements, such that results included in the calculation reflect steady state before and after the change. In practice, careful selection of which results to include will be required. The use of multiple data points is a development of RCV theory over the use of single data points, and should be combined with a correction for the direction and magnitude of change for the best estimate 3 and consideration given to the effect of reporting interval size. 4 This concept can be further extended to calculate the probability that an observed change based on multiple samples is significant (i.e. not due to random variation). Suppose n 1 results with mean x 1 are available to estimate the initial set point, and n 2 results with mean x 2 are available to estimate the new set point. If there has not been a true change, then (x 2 Àx 1 ) follows a Gaussian distribution centred around zero with standard deviation ([x 1 Â CV AþI /n 1 0.5 ] 2 þ [x 2 Â CV AþI /n 2 0.5 ] 2 ) 0.5 ¼ CV AþI (x 1 2 /n 1 þ x 2 2 /n 2 ) 0.5 . The corresponding Z-score is (x 2 Àx 1 )/(CV AþI [x 1 2 /n 1 þ x 2 2 /n 2 ] 0.5 ) enabling the probability of a true change to be determined. Note that the change associated with a probability using this formula is different to the RCV calculated in the usual manner as values of all results are known and variations in CV AþI with concentration are taken into account. 3 A calculator has been developed applying these concepts and is freely available online. 5 In conclusion, using all the data available from repeat testing before or after a clinical event allows for a more precise estimate of the true patient homeostatic set point, enabling smaller changes to be detected with greater certainty.
Note: this concept has been previously presented as a poster at the Australasian Association of Clinical Biochemists' 47th Annual Scientific Conference. 6 
